ABSTRACT. AMS 14C dates were measured for 28 mollusk shells collected live in Danish waters over the period AD 1885 to 1945. Fourteen samples were from fjords and 14 were marine samples from the Danish Skagerrak-Kattegat coastal area and from the Belts. Reservoir ages were calculated for all samples on the basis of the tree-ring calibration curve. For the marine samples, which cover the period AD 1885-1916, we found a weighted-average reservoir age of 377 ± 16 yr. The marine AR values (the difference between the measured 14C age and the age deduced from marine, mixed-layer model calculation of Stuiver, Pearson and Braziunas (1986) ) were found to be uniform within the experimental uncertainty with a weighted average of AR =13 ± 16 yr. Based on the observed scatter, the standard deviation is 21 yr. This result shows that it is justified to use the marine calibration curve with standard parameters (OR = 0) when 14C-dating marine samples from the Danish area.
INTRODUCTION
The aim of the present paper is to provide more data on reservoir ages for Danish sea and fjord waters. This information is needed to correct the measured conventional 14C dates obtained for marine archaeological and geological samples from this region for the reservoir effect. The marine reservoir age R(t) is defined as the difference between the measured 14C age of a marine sample collected in calendar year t and the atmospheric 14C age as taken from the tree-ring record for the same year. As indicated by the notation, the reservoir age R(t) for a given location is expected to vary with time, reflecting the difference between the wiggles on the tree-ring curve and the smoothed wiggles in the slowly responding ocean curve. Stuiver, Pearson and Braziunas (1986) calculated a smooth calibration curve for the mixed layer of a model ocean. To accommodate local effects in the actual oceans, they introduced the quantity AR, defined as the difference between the measured sample age and the global model curve. The quantity AR for a given region is expected to be constant in time to a first approximation, to the extent that the regional reservoir, from which the sample is taken, parallels the global marine model. Radiocarbon laboratories handle the correction for reservoir effect in different ways. A widely used first-order approximation is to replace R(t) by a constant (regional) value, R*. This fixed reservoir correction, R*, is subtracted from the measured 14C age before the atmospheric (tree-ring) calibration curve is used to obtain the calibrated age. However, a more accurate procedure is to subtract AR from the measured age and use the marine calibration curve. This procedure was introduced by Stuiver, Pearson and Braziunas (1986) following a suggestion by Olsson (1980) . Stuiver, Pearson and Braziunas (1986) and Stuiver and Braziunas (1993) compiled reservoir age measurements from various regions and mapped the geographical variations of AR. In their model for the mixed layer, OR = 0 corresponds to R(t) = 402 yr in the year AD 1830. The value 400 yr is extensively used as a standard reservoir correction, R*, for the North Atlantic region (e.g., Bard 1988 ), although the model calculations show frequent excursions on the order of 50-100 yr from this value in the past. Special considerations apply in regions that are not expected to parallel the global model. For example, for a fjord-like environment, one would expect a highly variable reservoir age due to limited mixing with the world ocean, short time constant in exchange with the atmo-LAMS 14C Dating Laboratory, Institute of Physics and Astronomy, University of Aarhus, DK-8000 Aarhus C, Denmark 2Department of Earth Sciences, University of Aarhus, DK-8000 Aarhus C, Denmark sphere and possibly hard-water effects. Results of such effects have been observed for estuarine environments (Long Island Sound) where reservoir ages significantly higher than the regional marine value are recorded (E. Little, quoted in Stuiver and Braziunas 1993; Dye 1994) . Information on reservoir effects in Danish fjord-like areas is important, as prehistoric settlements were often established in this kind of sheltered coastal environment.
In this study, we present accelerator mass spectrometry (AMS) 14C dates for 28 mollusk shells collected live at known historic times over the period AD 1885 AD -1945 AD , avoiding post-1950 samples influenced by nuclear tests. Fourteen samples were from Danish fjords, mainly the Limfjord, and 14 were marine samples from the Skagerrak-Kattegat area and from the Danish Belts.
Collection Sites
The mollusk shells, believed to have been collected live, were provided by two Danish museums.
The samples had been stored dry since the time of collection. Most samples (25) are from the Museum of Zoology, University of Copenhagen and 3 are from the Museum of Natural History, University of Aarhus. For each sample, information about species, collection date and site and water depth was available (Fig. 1) . We distinguish between marine and fjord-like environments. The term fjord in Denmark covers inlets in lowland surroundings as opposed to, e.g., Norwegian highland fiords. The samples representing marine environment were collected in the Skagerrak-Kattegat area and in the Danish Belts. The samples from fjord-like environments were collected in four Danish fjords, 11 from the Limfjord and one from each of Randers Fjord, Horsens Fjord and Roskilde Fjord. The three latter fjords are long, narrow inlets with a mixture of riverine freshwater and sea water. The Limfjord is a sound connecting the North Sea and the Kattegat across the peninsula of Jutland. The main current direction in the Limfjord is from the west to the east; hence, there is a net input of marine North Sea water (ca. 33%o salinity) and a net output of less saline (ca. 27%o) water to the Kattegat (Limfjordskomiteen 1976) . In the past, the Limfjord has been intermittently closed off from the North Sea, the last closed period ended in AD 1825. Part of the freshwater input to the fjords is groundwater runoff which is expected to be low in 14C, as groundwater from the regions considered in this paper contains dissolved, old soil carbonate (hard-water effect). Further, the water may have acquired a considerable age during seepage to the streams.
METHODS
The shell samples were treated following the standard mollusk rinsing procedure (e.g., Andersen 1968) . To eliminate any possible surface contamination, the outer 25% of the shell was removed by etching in 1 M HCI. Any organic carbon incorporated in the shell carbonate was removed by treatment with a KMnO4 solution for 16-20 h at 80°C. The CO2 was liberated with -100% phosphoric acid in an evacuated vial at 25°C. Part of the CO2 was used for S13C measurements; the rest was converted to graphite for AMS 14C measurements by reduction with H2, with cobalt as a catalyst. A small reaction volume and a high initial pressure of the reacting gases was used (Vogel et al. 1984 ).
All 14C measurements were performed on the Aarhus EN tandem accelerator (Andersen et a1.1989) and the S13C measurements were performed on the mass spectrometer at Science Institute, Reykjavik. The quoted uncertainties on the 14C dates are based on ion-counting statistics. A series of 14C/ 13C measurements with statistical uncertainties of 0.25-0.75% (20-6014C yr) submitted to the Third International Radiocarbon Intercalibration (TIRI) indicate that this is the dominant source of error.
The dating results are given as conventional 14C ages in years BP (before 1950) , based on the measured 14C/13C ratio corrected for the natural isotopic fractionation by normalizing the result to the standard 813C value of -25%o PDB (Stuiver and Polach 1977; Andersen et a1.1989) . The 14C dates and the b13C values are given in Table 1(fjord samples) and Table 2 (marine samples) along with all information available for the dated samples. The measured ages for the marine samples are plotted in Figure 2 against year of collection and compared with the terrestrial and marine calibration curves. No correction is necessary for the short biological life span (<5 yr) of the dated specimens. For each sample, we have calculated the corresponding reservoir age R(t) as the difference between the measured 14C age and the (interpolated) terrestrial calibration curve (Stuiver and Reimer 1993) based on 20-yr samples of tree rings. The results are displayed in Figure 3 . Using the mixed-layer marine model of Stuiver and Braziunas (1993) , we also calculate the OR values, i.e., the sample age deviations from the marine calibration curve. Both the R(t) and the DR values are listed in Tables 1 and 2 .
Marine samples The solid curve shows the terrestrial calibration curve (Stuiver and Reimer 1993) . The reservoir age R(t) is the difference between the measured sample age and the terrestrial calibration curve. The dashed curve shows the marine calibration curve for OR = 0 (Stuiver and Braziunas 1993 In contrast to the marine samples, the R(t) values of the 14 fjord samples, of which 11 are from the Limfjord, show a large natural variability with a standard deviation of 170 yr. This spread is about three times the typical measuring uncertainty (see Fig. 3 ). The mean value is 634 yr, which is much higher than for the marine reservoir ages. The corresponding AR values range from 82 to 554 yr with a mean of 279 yr. As this variability also by far exceeds the expected time variation, we conclude that the investigated fjord areas are not part of a uniform 14C reservoir. Thus, the AR concept loses its meaning in this case. Only one AR value has been derived for each of the other three fjords included in this study, but the fact that two out of three of these points deviate considerably from the marine average indicates that the same conclusion applies. A re-evaluation of previous data obtained from shells from the Norwegian-Swedish Skagerrak-Kattegat coasts (Stuiver, Pearson and Braziunas 1986: Table 1 ) using CALIB 3.0 (Stuiver and Reimer 1993) results in a weighted mean OR value of -33 ± 27 yr. This is consistent with our result OR = 13 ± 16 yr for the Danish Skagerrak-Kattegat coastal area. One prebomb sample from southern Kattegat has been reported (K-331) (Krog and Tauber 1974 
